Effects of distal point-site mutations on the binding and catalysis of dihydrofolate reductase from Escherichia coli.
The importance of salt bridge interactions at the NADPH binding site of dihydrofolate reductase has been studied by using site-directed mutagenesis. The mutations R44L and H45Q respectively disrupt the ionic contacts made between the 2'-phosphate and pyrophosphoryl moiety of the coenzyme and the N-terminal region of helix C. Equilibrium fluorescence experiments indicate that while the overall binding of NADPH to both free mutants is weakened by 1.1 and 1.5 kcal/mol (H45Q and R44L, respectively), the binding of dihydrofolate and tetrahydrofolate is unaffected. Despite the similar binding energies for both mutants, the transition state for the chemical hydride step is differentially destabilized relative to wild type (0.6 and 1.8 kcal/mol for H45Q and R44L, respectively). Both stopped-flow and pre-steady-state experiments suggest that the root of this effect may lie in multiple conformations for the E-NADPH complex of R44L. The ability of both mutants to transmit their effects beyond the local environment of the NADPH pocket is manifested in several details: (1) the pKa of Asp-27 (25 A away from the sites of mutation) is elevated from 6.5 in the wild type to 7.5 and 8.4 in H45Q and R44L, respectively; (2) NADPH elevates the off rates for tetrahydrofolate from 12 s-1 in the wild type to greater than 45 s-1 in R44L; and (3) bound tetrahydrofolate decreases the affinity of the enzymes for NADPH as reflected in the Km from 2 to 40 microM for H45Q (similar to wild type) but from 8 to 5000 microM for R44L.